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Abstract. In this study , an analytical method to determine six commonly used sulfonamides 
(sulfadiazine- SDZ , sulfapyridine - SPY, sulfamerazine- SRZ, sulfisoxazole- SFX, sulfamethoxazole- SMO and 
sulfadimethoxine- SDM )  in pork and beef meat was developed utilizing no halogenated solvents for extraction 
and two SPE cartridges for sample clean-up and pre-concentration of analytical components prior to liquid - 
chromatography analysis.The HPLC determination was performed using a RP C18 column and sulfonamides 
were detected at 266 nm.The newly developed sample pre- treatment procedure effectively removed the potential 
matrix interferences from endogenous compounds of meat. Average recoveries of analytes  from spiked meat 
ranging from 71  to 78 % of six sulfonamides were determined.  
 
INTRODUCTION 
 
Sulfonamides are one of the oldest group of pharmacologically active substances used 
in veterinary medicine to date [1].The discovery of sulfonamides in 1935 started a new era in 
the therapy of a wide range of bacterial diseases and a number of protozoan infections.Direct 
allergic or toxic reactions have been described after administration of therapeutic doses of 
sulfonamides to humans [2,3].All drugs of the sulfonamide group are currently included in 
Annex 1 of the Council Regulation 2377/90. The existing EU MRL for all drugs of the 
sulfonamide group is 100 µg/ kg in all food- producing species [4].A variety of analytical 
methods have been used to measure sulfonamide residues in biological materials . Analytical 
methods available for identification and quantification of sulfonamide residues in animal 
tissues include :  thin-layer chromatography- TLC [ 5], liquid chromatography –HPLC [6], 
high- performance  capillary electrophoresis ( HPCE) [7],gas- chromatography- GC [8] and 
ELISA [9]. 
HPLC is the most important technique for the determination of  sulfonamide residues 
in milk , meat and eggs and several methods have been published. HPLC separations were 
performed using RP – C 18, C8 or C4  columns but in some cases ion- pair column was  also 
used [ 10]. Mobile phases  consist of acetonitrile , water , methanol- water or ternary mixtures 
of acetonitrile- methanol – water . Acetate or sodium  dodecyl sulfate ( SDS) is often added to 
these mobile phases to improve the separation. All sulfonamides could be separated using a 
mobile phase containing sodium acetate – acetonitrile and a LiChrosphere or CP TMSphere 
column. The pH of the mobile phase played an important role in the chromatographic 
separation because the retention behaviour of the drugs was dependent on the ionization of the 
sulfonamides.Several spectroscopic techniques are used for the detection of sulfonamides in 
liquid chromatography : UV , FLD, DAD or MS. UV detection is performed  at 266- 280 nm 
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and in some cases 255 nm. Photodiode array detection  is  carried out at 267 , 268 or 263 nm. 
Fluorescence detection is performed at an excitation wavelength of 405- 420 nm and an 
emission wavelength of   485- 495 nm . MS is highly specific and is often used for 
confirmatory analysis. Fragmentation pathways involving distinct functional groups are 
preferred when MS detection is performed. Several interfaces have been used for LC-MS 
always in the positive mode.Ammonium acetate or formic and acetic acid are added to 
acetonitrile –water mixture because MS is incompatible with most of the mobile phases. 
 In this study , an analytical method to determine six commonly used sulfonamides 
(sulfadiazine- SDZ , sulfapyridine - SPY, sulfamerazine- SRZ, sulfisoxazole- SFX, 
sulfamethoxazole- SMO and sulfadimethoxine- SDM )  in pork and beef meat was developed 
utilizing no halogenated solvents for extraction and two SPE cartridges for sample clean-up 
and pre-concentration of analytical components prior to HPLC analysis. 
 
MATERIAL AND METHOD 
 
Materials and reagents 
Beef and pork muscle tissues were purchased from local food markets and deep- 
frozen until analyses. Organic solvents  such as methanol, acetonitrile and 1- propanol were 
all  pesticide residue grade , commercially available from Merck (Darmstadt , Germany ). 
Anhydrous sodium sulfate was analytical grade ( Bucarest, Romania).Deionized and 
redistilled water was prepared on Milli – Q Plus ( Millipore , France ).Sulfonamides were 
obtained from Sigma Chemical Co. ( St. Louis , MO,USA).All standards were stored at – 20 0 
C.Stock solutions of each sulfonamide were prepared in acetonitrile .The working solutions 
for liquid chromatography and sample spiking were prepared  by dilution of  1 ml of each 
stock solution in mobile phases to concentration of   10, 5, 2.5, 1.25  and 0.5 µg ml -1. All 
solutions were stored in the dark  at 4 0 C. 
Chromatographic  conditions  
All experiments were carried out with an Shimadzu VP Series liquid chromatograph 
equipped with a UV- VIS detector. The chromatographic analyses were performed on a Allti 
ma RP- C18 column ( 250x 4.6 , 5 µm ) with a mobile phase  0.01 M ammonium acetate pH 
4.6 ( A ) and methanol  ( B). Flow 1 ml/ min was used for the separation of analytes in 
gradient mode at the following program :  22 % B to 50 % within 17 min , back to 22 % in 2 
min, equilibration for  5 min .The injection volume was 20µl and the detection of 
sulfonamides was conducted at  266 nm. 
Sample preparation and sample clean- up  
 Ten grams of minced porcine or bovine tissues was placed into a 50 ml polypropilene 
tube . 20 ml acetonitrile and 5 grams baked anhydrous sodium sulfate was then added.The 
sample was homogenized with an Ultraturax  for about 1 min. , and then centrifuged at 5000 
rpm for 10 min. The residue was extracted by sonication  with 20 ml acetonitrile and then 
centrifuged at 5000 rpm for 5 min. The extracts  were combined and the solvent was 
concentrated to 5 ml .The solution then was passed through the Alumina N SPE  cartridge 
preconditioned by 10 ml acetonitrile. The analytes were eluted with 5 ml acetonitrile : water ( 
80 : 20, v/v ).The eluent and loading solvents were combined  and transfered to concentration 
bottle.Then 5  ml 1 – propanol was  added and the solution  was evaporated to near dryness 
.The residue was dissolved by ultrasonication for 30 s with 5 ml acetic buffer ( pH 5 ).A 
second SPE cartridge ( Lichrolit C 18  ) was utilized to remove potential interference .The 
SPE cartridge was conditioned with methanol ( 5 ml ) and water ( 5 ml ) prior to loading the 
sample.Five milliliters water was used to wash the interference. The analytes were eluted with 
8 ml acetonitrile and the solvent was evaporated under a gentle nitrogen stream and 
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reconstituted with 1 ml acetic buffer pH 5. The solution was filtered through a 0.45 µm filter 
unit and  analysed by HPLC with UV detection.Detailed sample preparation is shown in 
Figure 1. 
 
RESULTS AND DISCUSIONS 
 
 Solvent extraction was employed to extract sulfonamides from meat samples. The 
present method uses no halogenated solvents , which are toxic and expensive to dispose of 
and acetonitrile was  selected for sample extraction.The present procedure uses two SPE 
cartridges for clean-up  because acetonitrile extracted a lot of endogenous compounds from 
meat sample. The first one , Sep-Pak Alumina N , is a polar sorbent SPE cartridge.The second 
SPE cartridge Lichrolit C 18 is a non-polar sorbent and was utilized to further cleanse the 
extract.The present method uses no halogenated solvents , which are toxic and expensive to 
dispose of.  
 The calibration curves for sulfonamides were obtained by plotting peak area versus 
concentrations  of working standard solutions for each compound respectively.Quantitation 
was carried out by using the external calibration technique.The linearity of  each compound 
measured by HPLC method was good from 0.5 to 10 µg / ml and acceptable correlation ( r2 = 
0.99 ) over the range examined was determined [ 11 ]. 
 Under this extraction and pre- treatment procedure , the sulfonamide fortified 
pork and beef samples did not induce peaks interfering with sulfonamide peaks.The recoveries 
of analytes were evaluated by spiking 0.5 and 1µg of each standard analyte to 10.0 g tissues . 
The results are listed in Table 1 . 
Good recoveries ranging from 71   % to 78   % were determined , which indicated that 
the sample preparation procedure was suitable for the analysis of sulfonamides in meat 
sample. 
 As an application, 30 samples of commercial pork and beef meat purchased from local 
food markets were analysed using the present method. No residue sulfonamide was detected 
in all meat samples. All HPLC chromatograms were free from interferences. 
 
Table 1. Recoveries of spiked pork and beef meat tissues                    
 
Recovery ( % ) Fortification level ( ppm ) 
 SDZ SPY SRZ SFX SMO SDM 
Pork       
0.05 73 72 76 72 74 76 
0.1 76 74 78 75 77 78 
       
Beef       
0.05 72 71 75 72 73 75 
0.1 74 74 76 74 76 77 
 
 
 60 
 
 
 
 
 
 61 
CONCLUSIONS 
 
In this study , an analytical method to determine six sulfonamides in pork and beef 
meat was developed utilizing no halogenated solvents for extraction and two SPE cartridges 
for sample clean-up and pre-concentration of analytical components prior to HPLC 
analysis.The newly developed sample pre- treatment procedure effectively removed the 
potential matrix interferences from endogenous compounds of meat. Average recoveries of 
analytes  from spiked meat ranging from 71  to 78 % of six sulfonamides were determined.  
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